Objectives: Chronic rhinosinusitis (CRS) has an impact on health-related quality of life (HRQOL). The objective of this study was to examine generic and disease-specific HRQOL and symptoms in CRS patients with (CRSwNP) and without (CRSsNP) nasal polyps before and 6 months after sinus surgery, and to identify preoperative patient factors associated with HRQOL outcome in the two groups separately.
INTRODUCTION
Chronic rhinosinusitis (CRS) is characterized by mucosal inflammation of the nose and sinuses, and has an impact on patients' quality of life.
1 Both in Europe and in the United States, CRS affects 5%-15% of the general population. 2, 3 CRS can be classified broadly into two groups: CRS with and without nasal polyps (CRSwNP, CRSsNP). Often, there is overlap within a broad spectrum of inflammatory disease. 1 Several prospective studies have validated the utility of functional endoscopic sinus surgery (FESS) as treatment for CRS after failed medical treatment, and has demonstrated significant improvement in the symptoms and health-related quality of life (HRQOL) of patients. [4] [5] [6] [7] Studies have shown that symptom severity differs in those with CRSwNP and CRSsNP, suggesting that these subgroups require thorough preoperative assessment. 8 Patient-reported outcome measures are used to assess the impact of sinus surgery on symptoms and HRQOL, 9 and to inform and "tailor" the correct intervention to the appropriate patient. 10 The Sino-Nasal-Outcome-Test (SNOT)-20 is used frequently to assess disease-specific HRQOL, 11, 12 whereas the Short-Form-Health-Survey (SF-36) is used to assess the generic HRQOL. 13 Several studies have explored the patient characteristics associated with surgical outcomes for patients undergoing FESS, 6, [14] [15] [16] but conflicting information regarding which of these characteristics are important has emerged. 15 Katotomichelakis and colleagues found that preoperative olfactory dysfunction and nasal polyps were associated with greater improvement of HRQOL, 15 whereas other studies have found worse HRQOL outcome in association with depression. 17 Few studies have focused on and explored factors associated with the disease-specific and generic HRQOL of CRS patients with and without nasal polyps.
We measured the HRQOL and symptoms of CRSwNP and CRSsNP patients before and after surgery. In addition, we identified preoperative patient factors associated with HRQOL outcome after surgery in the two groups separately.
MATERIALS AND METHODS

Ethical Approval of the Study Protocol
The study protocol was approved by the Committee for Medical Research Ethics in Norway (2015-367). All patients provided written informed consent before study inclusion.
Diagnosis
After evaluation of patient's symptoms, endoscopic evaluation, and CT scanning of the sinuses, the patients were planned for surgery. All patients had the same medical protocol of antibiotics combined with corticosteroids for 10 to 14 days, followed by topical corticosteroids for at least 12 weeks before they underwent FESS.
If not possible preoperatively, final differentiation of patients (CRSwNP, CRSsNP) was done by the surgeon during surgery, where the presence of polyps in the middle meatus, sinuses, or nasal cavity qualified as CRSwNP.
Inclusion Criteria
Inclusion criteria include patients with a diagnosis of CRS as defined by EPOS criteria 19 referred to sinus surgery.
Exclusion Criteria
Exclusion criteria were: age < 18 years; difficulty in interpreting questionnaires due to language/cognitive problems; pregnancy; previous/ongoing cancer treatment; granulomatosis with polyangiitis, sarcoidosis, cystic fibrosis, Kartagener syndrome, ciliary dyskinesia.
Participants
Patients were examined at the ENT Department at the outpatient clinics within St Olav's University hospital (Trondheim, Norway) from January 2012 to October 2017.
Originally, the study population consisted of 469 patients. Due to dropouts before surgery (3), loss to follow-up (27) , missing pre-or postoperative data (9) , and exclusion because of comorbidity (14) , the total sample was 416 patients: 220 CRSwNP and 196 CRSsNP patients.
Patient-Reported Outcome Measures
GENERIC HRQOL. The generic HRQOL was assessed using SF-36v2. 20, 21 It contains 36 questions belonging to eight domains: physical functioning; physical role; bodily pain; general health; vitality; social function; emotional role; and mental health. Data were scored according to the SF-36 Analysis and Interpretation Manual. 22 A change of 0.5 SD is considered clinically significant. 23 
DISEASE-SPECIFIC
HRQOL.
Disease-specific HRQOL was assessed using SNOT-20. 11 The twenty items scale had response options from 0 ("no problem") to 5 ("problem as severe as can be"). SNOT-20 is divided into four subsets 24 related to nose issues, ear and face issues, sleep function, and psychological issues. A mean score was calculated for each subset and all items (total score). A change of 0.8 points is considered clinically significant.
11
SYMPTOMS. Patient-reported symptoms were nasal obstruction, facial pain and sinus pressure, altered sense of smell, and nasal discharge. Symptoms were indicated on a 100-mm visual analog scale (VAS) in which 0 mm represented "no symptoms" and 100 mm represented "symptoms as troublesome as possible". 25 A change of 0.5 SD was considered clinically significant. 23 
Surgical Procedures and Postoperative Care
The extent of surgery varied due to the extent of disease and could include uncinectomy and antrostomy to maxillary sinus, anterior ethmoidectomy, posterior ethmoidectomy, sphenoidectomy, and opening of the drainage pathway from frontal sinus. Polyps were removed with shaver.
Balloon sinuplasty was not utilized. If indicated, inferior turbinate reduction and/or septoplasty were done to further maximize nasal patency.
Surgical procedures were carried out by 15 surgeons (seven consultants and eight senior registrars) at St Olav's University hospital. The surgeons with more experience did the more advanced procedures.
Postoperatively, most patients had a packing in middle meatus for 4-7 days to prevent adhesions. 26 The surgeons performed debridement under endoscopic visualization 12-14 days postoperatively to remove crusts and secretions from the nasal cavity 27 and to open the nose for treatment with local steroids. 28 If necessary, additional debridement were planned after that. The patients were instructed to rinse their nose with saline 4-5 times daily for 2-4 weeks postoperatively, and use topical corticosteroid spray the first year after surgery. Patients with nasal polyps were also instructed to use fluticasone nasal drops in the evening the first 4-12 weeks after surgery.
Statistical Analyses
We used PASW Statistics v23 (IBM, Armonk, NY, USA) for statistical analyses. CRSwNP and CRSsNP groups were assessed separately. Baseline characteristics between the two groups were compared using the independent-sample t-test and chi-square test, as appropriate. Based on the sample size and distribution of continuous data, statistical methods were used to analyze data describing symptoms and HRQOL at baseline and follow-up. For unadjusted comparison of outcomes for the two groups, unpaired and paired t-tests with corresponding confidence intervals were used, as appropriate.
Linear regression analysis was undertaken to investigate variables associated with the improvement in SF-36 domain scores and SNOT-20 scores 6 months after surgery. Univariable analysis were used to identify variables associated significantly (P ≤ .05) with improvement of each HRQOL outcome, and these variables, age, sex, smoking, allergy, asthma, previous surgery, and the preoperative value of the dependent variable, were then included in the multivariable analysis to examine for further associations in the CRSwNP and CRSsNP group separately.
Power calculations showed that a difference in SNOT-20 of 0.6 (SD 1.2) between the groups and with 80% power and 5% significance required 40 patients with CRSwNP and CRSsNP.
RESULTS
The baseline characteristics of the two CRS subgroups undergoing FESS differed in demographic and medical characteristics in age, sex, ASA intolerance, asthma, and previous FESS surgery (Table I) .
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Generic HRQOL
Preoperatively, CRSwNP patients reported significantly (P ≤ .001) better scores in the domains of physical role and bodily pain compared with CRSsNP patients (Table II) . After surgery, both groups reported significant (P = .001) improvement in all eight domains, except for general health in the CRSsNP group (Fig. 1) . A clinically significant improvement was found in both groups with regard to vitality, social function, and mental health, in addition to general health in the CRSwNP group, and physical role and bodily pain in the CRSsNP group. CRSwNP patients had significantly greater improvement in general health, vitality, and social function compared with CRSsNP patients (P ≤ .018). Postoperatively, CRSwNP patients continued to have significantly better scores in physical role and bodily pain (P ≤ .025), as well as better scores in vitality and social function (P ≤ .007), compared with CRSsNP patients.
Disease-Specific HRQOL
Preoperatively, the total SNOT-20 score showed no significant differences between the two patient groups (Table III) . When analyzing the subsets, CRSwNP patients had a significantly worse score in the rhinologic subset compared with CRSsNP patients (P = .001), whereas CRSsNP patients had a significantly worse score ear/facial subset score compared with CRSwNP patients (P = .034). Six months after surgery, the SNOT-20 score and all subset Data are the mean with confidence intervals (CIs) of SF-36. *P < .05. **P < 0.01. CRS = chronic rhinosinusitis; Difference = difference between CRS groups; Post = postoperatively; Pre = preoperatively.
scores improved in a statistically (P = .001) and clinically significant way, with no significant differences in the improvement between groups. CRSwNP patients had better postoperative score in the rhinologic subset compared to CRSsNP patients (P ≤ .033).
Symptoms on VAS Before and After Surgery
Preoperatively, CRSwNP patients reported significantly more nasal obstruction, altered sense of smell, and nasal discharge compared with CRSsNP patients (P ≤ .009) (Table IV) . CRSsNP patients reported significantly greater facial pain and pressure in the sinuses compared with CRSwNP patients (P = .001). Six months after surgery, both patient groups had a statistically (P = .001) and clinically significant improvement in all symptoms, where CRSwNP patients had greater improvement in nasal obstruction and altered sense of smell compared to CRSsNP patients, who had greater improvement in facial pain (P ≤ .006).
Patient Factors Associated with Improvement in HRQOL After Surgery
Univariable analysis identified age, sex, smoking, allergy, asthma, previous sinus surgery, and the preoperative value of the dependent variable as significantly associated with HRQOL outcomes. These variables were included in the multivariable analysis (Table V) .
In the multivariable analysis, the preoperative value of the dependent variable was consistently associated with HRQOL improvement; worse preoperative SF-36 scores were associated with greater improvement in these outcomes in both groups.
Age, smoking, and previous sinus surgery were significantly associated with less improvement in two or several domains in both groups, in addition to female sex and allergy in the CRSsNP group.
In regard to SNOT-20, worse preoperative SNOT 20 scores were also associated with greater improvement 
DISCUSSION
Our study showed that both patient groups reported improvement in all domains of generic HRQOL, except for general health in the CRSsNP group, 6 months after surgery. CRSwNP patients had greater improvement in general health, vitality and social function, and better postoperative score in physical role and bodily pain, vitality, and social functioning, compared with those domains in CRSsNP patients.
Our results are supported by data from Djukic and colleagues, who also showed improvement in generic HRQOL in CRSwNP patients after FESS, 4 and Ragab and coworkers, who found improvement in generic HRQOL in CRSwNP and CRSsNP patients after surgery. 7 Even so, a study by Smith and colleagues in CRS patients with no subgroup differentiation reported improvement in generic HRQOL after FESS. 14 There could be several explanations for the differences in improvement documented in generic HRQOL between the two groups. The worse preoperative baseline in general health for CRSwNP patients and worse physical role and bodily pain in CRSsNP patients may contain different potentials for improvement. However, the greater improvement in vitality and social function in CRSwNP patients were not influenced by a worse preoperative baseline. This hypothesis may suggest that FESS has a greater beneficial impact on HRQOL in CRSwNP patients compared with CRSsNP patients. Both groups achieved a statistically significant improvement in approximately all generic domains after surgery, where a clinically significant improvement (i.e., half SD of the baseline value) 23 was found in vitality, social function, and mental health in both groups, as well as in general health in the CRSwNP group and physical role and bodily pain in the CRSsNP group. General health in the CRSsNP group was not improved 6 month after surgery; we do not have a firm explanation for this. We may suspect that sinus surgery is less likely to impact the general health domain of CRSsNP patients. The higher prescore of general health in the CRSsNP group may cause less potential for improvement compared with the CRSwNP group.
Furthermore, CRSsNP patients reported worse problems preoperatively in physical role and bodily pain compared with those reported by CRSwNP patients. A study by Sahlstrand-Johnsen and coworkers also reported more bodily pain in CRSsNP patients compared with bodily pain in CRSwNP patients. 29 A review by Chester and colleagues stated that bodily pain is underestimated in CRS patients. 30 It is not unlikely that bodily pain affects the perception of CRSsNP patients of their physical role. Hence, regardless of greater improvement in physical role after surgery, CRSsNP patients continued to have a worse postoperative score compared with that of CRSwNP patients. These findings may suggest that handling CRSsNP patients may be challenging, and that the surgical outcome in these patients may be more difficult to anticipate.
Compared with normative data from the Norwegian general population, our groups reported lower scores in all domains of SF-36 6 months after surgery. 31, 32 These findings necessitate further attention with regard to the expectations of outcome, as they show the burden of CRS on generic HRQOL, and may indicate that medical treatment is also important postoperatively.
The comparison of generic HRQOL with normative data from the general Norwegian population is based on published data, probably using SF-36 v1, so the conclusions from this comparison should be drawn with caution.
SNOT-20 scores improved in both groups after surgery, a finding that is in accordance with results from other studies. 7, 33 The mean improvement in SNOT-20 score in both groups was ≥0.08, which is considered a clinically significant improvement. 11 In the CRSwNP group, 53% of patients and 47% in the CRSsNP group reached a clinically significant improvement. Nevertheless, the mean postoperative scores in both groups were ≥1.2, which were considerably worse than the score of 0.4 reported in people without CRS. 34 We found no significant differences in the improvement of disease-specific HRQOL between the groups. In a study by Hopkins and coworkers using SNOT-22, CRSwNP patients reported greater improvement after surgery compared to CRSsNP patients. 35 The reason for the different results in our study may be that SNOT-20 does not contain questions on nasal obstruction and olfactory function. Hence, SNOT-22 would be more sensitive for measuring improvement in the CRSwNP group, but a Norwegian version of SNOT-22 was not available when the present study started. Nevertheless, our results from SF-36 support the findings from Hopkins study. 35 Preoperatively, CRSwNP patients reported greater nasal obstruction, altered sense of smell, and nasal discharge, whereas CRSsNP patients reported more facial pain and pressure in the sinuses, data that are in line with results from other studies. 8, 36 After surgery, CRSwNP patients reported greater reduction of nasal obstruction and greater improvement in olfactory function compared to CRSsNP patients, whereas CRSsNP patients had a greater reduction of facial pain compared to CRSwNP patients. Thus, our findings are in line with Andrews and colleagues results, CRSwNP patients had a worse altered sense of smell preoperatively followed by greater improvement 6 months after surgery compared with that in CRSsNP patients. 6 Although sinus surgery led to symptom relief and improved disease-specific and generic HRQOL in both patient groups, SF-36 revealed a dissimilarity in improvement between patient groups. Patients with CRSwNP had a greater improvement in general health, vitality, and social function than patients with CRSsNP. This information may help surgeons in counseling patients about expectations of generic HRQOL outcome and emphasize that CRSsNP may be a more complex condition than CRSwNP.
Thus, we believe that the generic HRQOL should be taken into account to understand how it changes after patients undergo surgery for CRS.
Our study found that older age was associated negatively with improvement in physical function and bodily pain in both groups. We have not found other studies suggesting age to be associated with SF-36 outcome in CRS patients. However, a study by Reh and coworkers comparing an older and younger cohort of CRS patients did not find differences in disease-specific HRQOL outcome after FESS, 37 whereas Hopkins and colleagues found older age to be one of several factors associated with disease-specific HRQOL outcome after FESS. 35 It is not surprisingly that age is associated with these domains, but it should be considered for the total preoperative assessment of a CRS patient. Previous sinus surgery was also associated with less improvement in general and mental health in both groups, in addition to physical functioning, bodily pain, and social function in CRSsNP patients. This difference may indicate that revision surgery has more negative impact on HRQOL improvement in CRSsNP patients compared to CRSwNP patients. In the CRSsNP group, having allergy seemed to have a major negative impact on generic HRQOL, emphasizing the importance of allergy testing and optimal allergy treatment.
With regard to SNOT-20, increased preoperative nasal obstruction was associated with better outcome in the rhinologic subset for the CRSwNP group. This observation is supported by data from a study by Hopkins and coworkers using SNOT-22. They found that a more severe preoperative value indicated a greater absolute reduction. 35 Smith and colleagues, using the Rhinosinusitis Disability Index and Chronic Sinusitis Survey, found similar results, whereby a worse baseline value was associated with greater improvement after surgery. 17 Unfortunately, comparison of our study results with that of other reports is difficult because they used different instruments, and one study did not differentiate between CRS with and without polyps.
One limitation of our study is that the SNOT-20 questionnaire does not have questions about nasal obstruction and olfactory function. This may explain why we did not find differences between the two patient groups regarding disease-specific HRQOL. The patients were prescribed nasal steroid spray postoperatively, but due to the extensiveness of the sinonasal disease and the steroidresponsiveness of nasal polyps, CRSwNP patients were put on a postoperative medication regime with additional fluticasone nasal drops. We do not know if this difference in postoperative treatment have influence on the results. Our results are not adjusted for the baseline differences between the groups which may have importance for the outcome in both groups, nor did we analyze the outcomes based on extent of surgery or the variety of surgeons. The aim of this prospective registry study was to examine HRQOL in CRS patients who underwent sinus surgery in our daily practice at a tertiary hospital.
The strengths of our study were its prospective design, relatively large sample size, high follow-up (90%), differentiation between CRS patients with and without polyps, and that we investigated disease-specific and generic HRQOL.
CONCLUSION
CRSwNP and CRSsNP patients reported improved generic and disease-specific HRQOL after FESS. CRSwNP patients reported greater improvement in the SF-36 domains of general health, vitality, and social function compared to CRSsNP patients. This may indicate a greater potential for HRQOL improvement in CRSwNP patients compared to CRSsNP patients. Higher age, smoking, and previous surgery were associated with less improvement in generic HRQOL in both groups. In addition, female sex and having allergy was associated with less improvement in generic HRQOL in the CRSsNP group, but not in the CRSwNP group.
